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(54) MOTOR CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce higher harmonic current flowing to an AC 
motor. 

SOLUTION: This motor controller is equipped with fundamental wave current 
control circuits 1-5 and 8, which control the fundamental wave components of 
motor currents iu, iv, and iw with a dq-coordinate system consisting of a d axis, 
corresponding to the excitation current components of the currents iu, iv, and iw 
flowing to a three-phase AC motor M and a q-axis, corresponding to torque 
current components and rotating synchronously with motor's rotation, and higher 
harmonic current control circuits 8-12 which control the higher harmonic 
components contained in the motor currents iu, iv, and iw with an orthogonal 
coordinate system (higher harmonic coordinate system) rotating at a frequency 
which is integral times that of the frequency of the fundamental wave components 
of the motor currents iu, iv, and iw; and this generates the voltage command value 
vu, w, and vw of each phase of a three-phase AC coordinate system, by adding up 
the outputs of the fundamental wave current control circuits 1-5 and 8 and the 
outputs of the higher harmonic current control circuits 8-12, and controls the drive 
of the three-phase motor M. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



30.01.2003 



Copyright (C); 1998,2003 Japan Patent Office 



(19)H*S#IT^ (JP) (12) & H if# §^ (A) (ll)ftfftiie&ra#^ 

#^2002 -223600 
(P2002 -223600A) 



(43)&H B ¥f£lW 8 3 9 B (2002. 8. 9) 


(51) IntCl. 7 




F I 




H 0 2 P 21/00 




H 0 2 P 


5/408 P R H 5 6 0 


6/10 






6/02 3 R 1 r T RU5 7fi 












4#IS2001 — 276887( P2001 —276887) 




000003997 










(22)titfiB 


¥J*13*P 9 /! 12B(2001.9. 12) 














(31)«$Bfc£$## 


43NR2000-3561 17(P2000-3561 17) 






(32)«5fcB 


*5£12^11£22B (2000. 11.22) 






(33)«Jfc«L£«H 


B* (JP) 




4bS mm 






















(74)ft3SA 


100084412 



















(54) [mwozrn =e-?mwmm 



(57) 

v. i vjcomm^wtrnwcKtmr 5df4thA * 

?%> d q ffi^-C-t- 2*«E iu, i v. i w©K#i&lj£ 

i u, iv, i v&m*mm&<Dmmm>&m&<Dm 

m*4 i u. i v, i w(C$Sft£jtSI8$J&#£3HJW^&i^ 

s§i~5, 8(Dmti fmmmmmumm^ 8-1 2 (om 

-So 







. * 






"1 












I 

1 




z> 


> 




-I - 



HE 



3« 

sr jps 




ss 




Is 















5* 



cm/ 



IS 
SFST 



1 

[#l«it#©«ffl] 

*-3?Iiie{C|5l»!Lriiie-rSciqMl^-C^ 
- * 1Izfc©S#i©£#£*iJSPT S«*«Si)EfiJfflJ|5ISS 
i. 

»mm«. 

m?m2 j twos 1 KEtKo^-awaaswcfci* 

r. 

»«%*msii l as-*- zmisx&viismmLft 
a, 

[it*]S3 3 st*i2«:fB*s©*-3'#japsia{cfc<,» 
-c. 

Btriaiss3^*ijssij®i[ug§« . * - *n?££ d q mmm<o 
r, 

tfctfi urfriEiSi^ffi«^©i*p^*^K:^-r £ c 4 

<!: -T -5 * - * 8«igg„ 

-c. 

BUfBiS18&mifc8Hj®@gS«. *-*mi££*-*CDX;r 

[immi ) »*313{cl2«S©*-$Wffli*B«:*jc» 
r. 



(2) #532002-223 60 0 

2 

d q ffiQ^©s*ffl*>6B«fam^)t6Sfii^S'j[affi-c?i>j 
3 ftfc*%j£Sffl&tti? l r*B«w***a-r sans 

^*?liE^Hi|5ISS*«x.5C 4*»*4-r4*-* fMffl§§ 

So 

r. 

fcWEBB***. 5 C £ *1Ti§it4 r -5. * - * M^B. 

m&m 9 ] 5 (dais©*- ^ftw^gfcfct,* 
r, 

wmmaumnam*. z> c <t ««it4 -r a *- zmwm 

go 

20 [ta^si i o ] smm 7-9 ©t^-rn^c^cciBig©* 
-£«ffli££gtc*si>t\ 

C 4 it^- *ftiJW£g. 

[st^gi i i ] m^m i o(ciB*s©*-$*u©^g{c*j 
buibd-^-x • 7 ^ >v$<ommmt. *-*©««»jx 
mm. 

mmm i 2 ] 1 - 1 1 ©t,^-rti*©^(ciB*g© 

30 £8Hl8ll£SKfctet>T . 

!*Sk©^©i9sH^SSSCc^Jt,r 4«^©*^B«sajg 

go 

[B»*3S 1 3 ] Ht3fcJI 1 2 (c!Bi£©-*-*i|HJ©3£g(C*j 
WSligHjgS8fe$WlHl8gK:*5W &«n»^© AnSE^tt 
S C i 4 T S * - ^ $)JW^go 
40 [000 1 ] 

•2>^©-C*So 
[0002] 

[^*©s^] -««:. 3^%%-ar©«HaiMniis 
Lr$(Haifflisc3&stf*>nrc>s (^^.tf. #ia^o 8-3 

3 1 8 8 5#<2;fS#fii) . 12 5B, fifcfc© 3 *B3£ffi* 

- * ©Mffli*aB©«(iJt*^-r. ft*©*- * *w$igT- 

50 tftonS*J«Se-C{J. 3ffl£8frfc-*{C«i|iSW85© 



3 

imayfifa*: d «4 ass-r s q wgk& l itmm<a&& 
«B»jsw*tTC>. mmcfflwmmz'bs < ore**. 

[000 3] 'h3Mt£i*S5(l*ffc©fc«& 

4. ^^^cDx^-^-^fii^ri^. a-m- 

«. ®B h * f 4 'J 5 * tf r A f *WS«*WJ'Cfc 

•2>„ C©£5&a-£-£WT£*--2t;t I PM (Inte 10 

rior Rsrmanent-maqnet Motor) <tPf (iftTl^-So Xf 

j£0/c$&©n-£-4*7--£-£<f;lfc*-£W. 
*t£^l PM*-£4B?fcm. <MB-Clft»»*MHl"C 

[0004] 

©r. #^#*8&©*-£(cJt^TJ8m©#^^F*3— 
tc & £ 6 T * •£ . fiBE*©^*si^— tcft 6 % I >SlEl3 CC 

[00051 I8B. D-*-©£tE#s«£E-c5gfcnT 
C^^ffiM5^<5rW-rSSPM*-^^^-r„ I8K 

SiMWtSIPM^-^tiJ, a-£-©RJl{C7a 
titl>5 S PM*- ^tBlSOM^-tC)5:.S*5, 30 

[0006] *<D£mAllift#s* & < & S 4 . 
©$)^&#$JlHrtVh 3 < ife o 9 . r * * ? y frifijz 

^ia^^a^s nsor, mis© e- < 

[000 7 ] **69i©BWtt. SE«6*-*Kifch4JWiI 

So 

[0008] 

mmzmik? ztatxD^m ( 1 ) »w©* 1 ©site 

©^SI©«lfiK*^rS 1 tcttl&rfVX3t#m 1 - 3 ©26 
4 . lilJRqt 1 ©2PJJ«. 3ffiSt» J t-3'M 
Ccflth-Smift iu, i v. i w©a8&SofEJ##{C>tf tS-f £ 
d«|4 h^^SKa^tC^-rSqWi^^i&O. 
$IlllE{C|BJ»iUrliIte'r S d q ffi«36-C*- 2*% i 
u. iv. iw©»*«^?r*IJfflI-rsa*igmoitftlJPlHl 
?gl~5, 8 4. -t-^ffiiu. i v. i w©S*<^S 50 



^f?3 2002-2 23600 
4 

mn&mwM) -c^-^mm i u. iv, iwccssnsiif 

ffimmm 8 - 1 2 ©m^<b ^adji l-t 3 ta^^a^© 

-fM^HBtb^jtaj-rscitCcfco. ±Baaw*jiiaM- 
s. 

( 2 ) W5j?S2 ©*- f$fj^g{*. 
tt&m&m®$8 1 ~ 5 , 8 CD^-C*- ^fiE i u. i 

S§8~1 2itJ:-o-C. ^t-^SE i u, iv. iwCC^S 

tiS»iS?g^©rt©3fS^©WiS?g«S»3&so 4&S 
<fc 5 K:iSiajR«8S* mWT & J: 5 K L ©T* £ . 

(3) «5l?lI3©*-^$IJfflI^g{*. 
S§8 — 1 2tCior. •t-^^^i u. i v, iw£dq 
mm&<DmiM i d. i qCC^& 0 . C © d q ffifiDS©^ 

id. iq©lSil?efiR^«:^ttiLTiSPig0l^©lS!Hi6 

( 4 ) ^bj©^ 2 ©S!J6©ff5.«©*flfiX£7n-f 0 2 {c*H6 

sraajgara. nsm®.'mffifflw®$&8. 9, 11. 21. 

2 2 tcje-^r. i u. iv. iw©ffiiSifi^ 

( 5 ) ^bj©^ 3 (Dmm<Dmm<omm^m-rm 3 testis 

fM«PSsB«. «Pi^«S*lJ»lHl8S9. 11. 3 3. 3 
5. 3 6&Ccfc-?-C. *-^m»lEiu. i v. iw5r*-$ 
M©Xf— ^-ffliJ(C@^Snfca /3iS3£ffi«^©m^ i 
a. i(3tC^L. C<Da0mWM(Dm&Li a. i /3© 

-rsi^tcu/cfec-c^So 

(6) »*«6©*-*IWai«B«. WIB^«S£*fJfflJ@ 

It, D r 0 -S J: ^ L fc ©r * So 
( 7 ) IPJ©f&5©Hte©0eg©t»^£^-r09 K>PtlD 
-3WriftBJ-rs4. if*^?©^^, 

^*ijffliiiaK:*jv>-r. mm^mmmmmm8, 10. 1 

1 , 12. 5 0 «. d qffi«^©mSitfg%fil i d* i q* 
ICtt t S ttdb££tt i cLi . i q_i S^iWf S «%I&8r{a 
^a'Jll8S5 0 4. dqfflUROitWid iq*>6SSS 
f&S{B?WiaK 5 0 tyfm 3 tifc«atli5Stf i d_i. i q 

..iZ&i&Lx-ftm&nm i d_h. i q_h?:^m-rsispijg 

( 8 ) ^m<DmQ<omm<DMm<DmfS.i:9n-rm 1 8 test 
iE-2t^ri»Bj-rs4. n^8©i%Bj(i, ti^4©* 
- * *iJ'(3P«gtc fc^ r . mmWLt&ffifflWmft 8 . 11. 
21. 22. 5 ob, 5 4«. ^-zm&m&m i u*. 



(4) 

5 

i v*&c*t-<r znmst&m iuj, i v_i z^mtznmfo 

SfffFMHKS OBi. *-£Hifcffiiu, ivA^lS 

i v_i i/ r itssiigmaSE i u_h, i v_h£t&m-r &is 

( 9 ) ^^©^7©SI}fi(DJf^<D«ifiS4^S2 1 iC*t 

it^r^-r^.!:. is*]i9(DieHj«. 1**115 ©^e 
-fSW^gfcfcur, iSP3^iS$iJSP[5i8g 1 1. 3 

3, 34, 35, 3 6, 5 0D, 5 5«, a/3J^«3fc© 
WMittmia*, i @*lc*ITZ>m&iLfc&mi a_i, i 10 

<3_i*^m? zm&tfc&m^wmms 0 d <t . a iss 

^©Siifcfil i a , i /3 ^^Ifrgfil^pJIIlSS 5 0 D"C 
^#J3ttfc«i£te§ffi i i i8_i<&jlS»0-riS3i?g 

®SE i a_h, i <3_h**ia-r*ilfiaiS*^Ul|5I8S5 0 

do) ifsttJi i o <omtt*> mmm i - 9 ©<,»m*» 

B. a-^x ■ 7 j )iz-e$>2>c±Z<®mt-?2>. 

(11) W*^ 1 1 OBWfi, 1 0 ©•*-£*« 
ggKfeC^, d-ax • 7 ;l/£©l$^£fcB. 20 

<DVtm&mt? & c t icm^it? z c t *%mtt 

(12) m^m. 1 2 ©»w«. n^m. 1 ~ 1 1 ©*-* 

(13) iWd 1 3 ©»Wtt. 1 2 ©*- *IM{3P 

£ £ 5 fC L tci><D-C& 5„ 
[0 009] ±IB3^*»^-r-5»fcJ6©^©©^ 30 

ss©0*ffli^fc*«. cnwo *wn-tfinmommt<c<m. 

[0010] 

lftW<D%)$kl ( 1 ) Ht#JI 1 ©ffeBJJK J:*i«. *cfj^ 

I PM-*-£fc£©3£?fc*--duc*ti,T. *-^ms£fc 
-c % . iSM£]«&&tt3s J: < tc&m? SciAir? 

So #(C. Jg>MiI PM*-*(C*tLTB. 
*^6l«p!gRS»?:fi2«L.-r^{t<t«^)^b^^-C 40 

S^&c F;b^>; f 7%<t^©f-^ii?re«-r€. 
( 2 ) 11^2 ©fPJKiftB. ±^b/cil*ra 1 ©S» 

(3) li*3S3©^Bj{cj;nB. t-^Stdqll 
IS&J5R#B3S£fi<i:fcS„ L/fc^T, *-£Htffc#>6 
SC<t*5-Clr-5 0 50 



#532 002-223600 
6 

(4) «*^4©^Bjtcj:nB > S#ig«Ifi£i|iJM5]8g 

*-^Sfc©?epriSfiS^*»tHL. mH^&tfilRHift 
«ftfg^ffi ( = 0 ) i-ife-J- S J; -f — F'< on 

arr-B*»e». a^iemssfutaitisisis^fij^i©^ 

( 5 ) W*^5 ©^BjictnB. 3+B3^i)icJ^«^-cm8S 

•So 

( 7 ) m&m 7 ~ 9 ©^(c<fc titf . s44K«ae:»^E{k 

(8) W*il l©3&D§K:<J:ft«\ *-*©««tcJ:») 

• 7 ^^^©^^^^-^©t^SsiciSD/cfiii-r-s© 
■c. ssfeJg^tt(cMt-i^#ji£gffl[©f»^i6j±§-a-a 

(9) n^Sl 2~1 3©^(c=tnB. *-^saEk: 

-So 

[0 0 1 1 ] 

mm<omm<omm] «n 1 ©kb«©jk»> a 1 * 
^{cj;s*-^*ijtai«g©^ i ©nife©».«©fltjjR£ 

9. h^Ui'®j£^*^-5f©a^Jh;l'^iCi:b««I-r-5.. 

h^ijSS-r-S 

[0012] i^bfcSiJW^f ^fces6tc. m 1 ©USS© 
ff^©*- **tl^SB. a*KSSfe*iWll!S<i:]6fllljg 

dqIS^»tt-$SiiSJiu, i v. i <*©*$$ 

- d?M(C^<T,S 3 tBSit iu, i v. i w©i®)ISmei£fiK^ 

SSiu. iv. ivrfC^$nSlS30?gfiR^'S:SiJffll-rS|B18S 
-e*4o imMOMXa. »*jS^?Sfe*iWl5llS©*4ffl 
t»r*-5»mSSiu, iv, iw£*W Ofc«£{c2S£-r 



9 . *- ZMffi. iu, iv, i w©**jg^©jajg 
[0013] «^Si£ffHr<3PlB|SSB. h ;U i'SiJfflJSB 1 . 
4 . fiCtBiSSilS3P5 *5 =tO'3 tB/d q ^&SB8 £ffi;L 

e£K*-3(,»T. WfcJB^Bf— ^Hfc/BHT. J@)®S 10 
m&ft-C & h d Mttdttfg^HS id*.!:, h -M/ * **Jdt#T 
*Sq WSffiJi^fil i q*i -6. OfcSjJitfg 
<&<8id* iq*B. &tt£*i*WH)Ptt2«:&6ti&. 

[0014] S*jgS»£$IJia)g|5 ( d q ft^ift&JffilgP) 2 
B. d«|iq«l©Jim^i d, i qSr-etieft^jfEf^ffi 

id*, i q*iC— fcJf>K, d # £ q #©g;£i&m 
EEJ^ffivd*. vq*5rj|ggL-rS„ dq/3tB^g|53 
B, 3 tB3SS0«^#> ?.ifcdq ffi§!^©{i*B 0 eCCS 
d$4<tq#©ME*i^<ii ( vd*+ vd') . (v 
q*+vq') £ 3 fBXfciE^IBB^Hi v u*. vv*. vw*iC^ 20 
BUT*, dtt. qH©1B8*« (vdHvd') , (v 

q*+vq-) ic^ximfttz. %£&Ltc3ta£.mms. 

Jg^fiivu* vv* vw*B. «*SHft»4«ca66ti*. 
«*SBft» 4 « . IGBT& <!; ©^S&SH^C «fc 0 . 
3tl^mE^ffivu*. vv*. vw^CCJE-^T;** T 

■;a£©afi[«WB (^hs%) ©a:8S*ii^xw ^?>^ 

U 3tl3^ffimEEU. V. W£3tB3&j£*-£MicEPfln 

r*. 

[00 15] x>3-#PStt3tB3£ziiE*-* MKjllS 
§n. *-#M©IIliJteftg0m£#!tHT3„ tffltfci 30 

6 mK»-3l»r *- * M©!slfa£g6> ei 3 
4>61/c d q JM§3i©{itB 0 e*?H#-r 5. 
6. 7B, 3*B£^-*M©UtB£V*B©5^mjj£i 
u. i vZZtl^tl&lii-rZ,. ^WLfcUtB^iuiVtB 
flBSfeivtt. 3*B/d q^&SB8iCj£6n£„ 3*B/dq 
8 B . 3 tB£8&ffiSU&*> 6Ifcdq S«^©<if B 
0 eiCg^t,>T 3 ffiSSfe*- *M©S!^dfe i u. i v. i w 
(=- i u- i v) £ d $|l|©^Bi>is i d<t q #©^mS£ i q 40 

[0016] ffiBtt*ifiM&iaft«. 3 ffl/ d q S&gp 
8. >W A* • -7 ^ ;l<£9, d q/dhqh^&SBl 0. 
ASIttSiftiMffliaB 1 1 fciO'd hq h/d q a&SB 1 2 £ 
flW.TC>*. /W^* • y -OlZ 9B. dW©H®5SEi 

d q momnm i <$c? < frzmmzmbxMmi&mft 

£Mffl-f£. d q/dhqh^UgBl 0B. ±.mutcM* 

mmttMwms%<D&-c*:-- zm& i u. i v . i wtrnw 

(ffiM£l£tt!%) dhqh£WU dU 50 



#PJ2 0 0 2-2 2 3 6 0 0 
8 

©^MiiS i d. dMcommm \ qcoMffi&mftinsm&m 

ffiiSi d h q h<DMmiM i dh. i qWCSEJftf £ „ d q J^SlSi 
A^mfcdhqN^^CfitB^eeht^-Si. dhqhffi 
«^©^*Si£ i dh. i qhB^S; ( 1 ) CC <£ <0 #©6 ft 

[«U ] 

pd/il _ I" cos6k* sin fikftTidl ^ 1 ^ 
\jqh\ [_- s * n ^ cos J 

[0017] li^^MM! 1 1 B. *- £HSit i 

u. iv. i*«d*nsWBiisas»©rt©±ia»f5Ei>c»E 

*<Dtcib. iSmteBftLfflfflffl ( d hq hfi^flfiSSP) 1 
1 B. d hWli q hllft©||m^ i dh. i qh^^tl^tlMm 
^filidh*^0. i qh*= OK:— •&•&/<:*© dhW 
t q h$4©ii5iEI^^EJg^fii v dh*. v qh*£SWT ^> „ 
dhdq/d q^gSSPl 2B. dhf4iqhW©iSIS^BE 
Jg^fiivdh*. vqh*^r-en-en. d|*<bq#©l«IDigm 
ffig^filvd . vq (C^t5. C©3HftH3£<l) 
<!:3l!©^^?fAtf<tl\ ^^©mil^filvd- . 
vq' B. Hff813. 1 4^e>tlS., 3. 
1 4 B, £*&*%IHttas 2 r^fiSES tifcH*iftfl8EEJ& 
4ttvd». vq*<t»i)Sjg*it8HJiSPI5I8S-C^$4ifciSia 

Jg^-ffi ( vd*+ vd') t qfimEfg^-ffi ( vq*+ vq') 

[ o o i 8 ] m i icm-rm 1 <omm<DBm<D^- zmw 

>\<(J*X ■ 7j)\<5i9. dq/dhqh^&SB 

i o . mattrnfflmat 1 1 . d hq h/d q 1 2 

*5<fc£>'2jnl?Sl 3, 1 4?r^<i. S2 5«C^TS£*© 

piKiL-ciifeTs d q mMm-c^-zwi&zmwrz^. 
»r-B. mmm^mtczt-rzmnmoymu&z, 

«-r*©»ffl»-C*4. St-)t. j3*Lfc<fc5«:*E|3* 
I PM- ; &-^©xl!)^«^3!)^5<^ofc0. 

< fc -S i t »9 fKWmSL? 5 . 
[0 0 1 9] C©HS(Cot,vc»l,<iSyiBT-&. dqi 

frh . d q J^^-CB*- £©»:*3&Si£«!:i&S(C& 

eh_dqB, iSISig*SS©ftg|iS^!^coeh<»; L. ^Er-^m 
«©«*ftjaiS»%6)ei-r*i. «5S (2) -C^^tl 

[|^2 ] <i)eh_dq=coeh-6)e -(2) 
^ (2) *:>£>BJ3 5 «C. ■t-3»mS£©iSISjfifi£^' 
»d qS^-CfciBSSaiK^eftC^ C©/c#>. 



9 

C 0 0 2 0 ] ±aiUfcragi?:«i^-r-5/cei?)0c. ffl 1 ©sn 
*IJ»IhIS88~1 2i/jn#gl 3, 1 4ii£il>t, BfS 

ii5i0i&a#£®«-rs,, ^^©^tc-r-s/c^c, c© 

[00 2 1 ] 3ffl/dq^g|58^?>m^3nSdW<!: 
q «©HmfiSE i d. i q©a*?g?)S^«iS^fif* 

iSiij^X^«Si)£fir-*-S) 0 ;W • 7 -< jU£ 9«. 
urns i a. i q*>e>^iajg^©*?rwm-r-2>o ftaiL 

d q/dhq h^&asi OKiS^tiS. 
d q/dhqh^&SM 0«. HSlS i d. i q(t$£ft£ 
k^lia?g^?r. <4+S (0e_h-0e) -C[§]lK-r & d h 
q hilSfa$?ffiSr?i©J!^ i *. i qh«C^}£-r •£>„ tctc 

ifcidh, iqh«. i6fli£S<!: Ltcfr-oX, dhqhSI 

%m (=o> ic>tt^siisei4«A#<aic#$tis 0 c© 

u, i v. i w&C$£*i£SSt8$«& 

^ffi«-r?»ci*ir^2». ^k, k defect o'-e©iag© 
[002 2] fie*©*-^sfj®8g*ffl^r. ^raisis 

m&ft<D*Z V*** I P M*: - £ £ §g») b fct§l=f© . 
Sfc. m©!^©^©*-^*^^*^-?:. ibj 

sutB^©«jf5*06«:^ o ee*©*-^$ijtai^g 

Opt* <fc *) KiftiS^^A^* < tec 
[0023] c©J;^cc. mi ©^©^JBHCfcWS* 

[0024] i <Dmm<Dmm<D^-si 

fMfflSSg-Cte. ff^©^^ k ©HiS^^iiiE^ffiM-r 
£#i£^ft:3C^ *-£as-^:ft<w&£-©*-£©!g«i 
tt^ct&o-c. (£»-rsii;is^m8S©^k?rW0^^ 

£J: -5 CcUT *-£©IE»tK,l^ 

{t-r-5i^-r^iS^«*t!K^t^b-r^©r\ 
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[ o o 2 5 ] ±mLtcm i ©nife©7a?re«. d qis© 
nm«E i d. i q^hm^m^tmmmi&^t^mmt 
z>m*m Ltc d q wvte&*$im5Hmm.m.± & o . 

3 oimt&omm-cir *> -ft-mcit^ . 

[0 02 6]±Mt/cSl ©Jgj&W^-Ctt. ffiffiftg 
10 «^£8#^i£8Hjfl|l[nlSg 1 ~ 8 ©<&•?■*- z&m i 

u, iv. i v&MWLttm&Kft&rzffifcx&v&m 
[0027] m2<D%m<Di&m ±^vtcm\<omm 

<Dfcm~CU. S#$?#©d qf[&m)B^H8vd\ vq»i 
^^©dqWrnEfg^fflvd'. vq'i^JjU^b-CS 
20 WftUd q W^IIfg^ffl ( vd*+ vd') . ( vq*+ v 
q') £*eb. dq/3ffi^«cJ:!3 3tB*E^18vu 
* vv*. vw*te$Z&-?&mZmLtc. m2<DmM<DB 
**ig^©3ffi^mffijg^fflvu* vv*, v 
w*<tiSIS^©3+gSzS^ffii^fiivu , 1 W, vw'i 

4**. *n6^»nmL-C)g^«^3ffl^mE*§^ffl 

(vuHvu') , (vv*+vv'). (vw*+vw') ^ 
30 ««S(c^ L-r«|H]-©^?rff Lr»9j*swr* £ 

m i cc^-rm i (Dmmmmtmm-eab o . *©iftHj« 
[0029] isismmmmmi&icte^-c* • 

V ^;b£9«3tl3£i£*-£M©XmijfEi u. i viC7 a 
^*8ra*ttLT*MftfiR#«:»lH-rS. 3tB/dhqh 
^SP2 Hi. iSia«^^dhqh*WU. 
i u. i v©^S^fi£^?rii5ISjS]^^ d hq h©*mfiS 
idh. iqh(C^-rS 0 iSPjgffiS^ijj, ±MLtc£ 
40 5(C. S*^Sijfe$lJffll|slSS©^-C*- i u. iv 

/cdhqhgg«^©fi[tB^6iehs<!:-r-5£. dhqhffiti^ 
©*Sfii£ i dh. i qhtt&sS ( 3 ) K<fc 0*»64l-2>„ 
[^J3] 
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U 



cos£te/u sin a 
sin6fc/u cosfl?foJ 





sin6Ss 








cos 6k 







[::] 



[0 03 0] dhqh/3tB^g|52 2 iftSGKtt%M 

®gpi i ^6i*e>tir^/cdhttcmEi^fiivdh* q 

hlft©*EJB^iI vqh«**aiift»© 3 fB£%*E*g«tt 
vu\ vv\ vw'JC^tS, C«Heft»3C(3) ijK 
©£»*fr*.tfJ:(,». Ml 3, 14B. 10 
•OWHK-rSmc Ofcat*«»® 3 ffl£S£SEEf§<&e v u 

L- , ARMft 3 f&KMEftfttf ( v u*+ v u ■ ) . ( v 

v*+ vv") , (vw»+vw') £rf#£„ 

[0031] m2<Dmm<Djm<D*:-~zffl®m&*m^ 

zmwmm. t mmx. * - * mmc^t tizm&x&& * 
2©*te©i^©-t-$$iiw^gr«, 3*bs£«ej^«i* 

d al6«*«:*»(,>r***1f 9* 1 ©3QSfe©ff^<J: 0 & 

[0032] iff 3 <omm<Dmm} ±.&utcm 1 ©-* 
*©*»-cit. d q mmmci}^xms.m^mmm^n 

'i7*>* 30 

[003 3] Jb»Ufc3«BS*g*URtt. t-fO^f 

js-c*^. -mica. aH*3m3£.ffi,mmm<D\jMtm 

-Cti. 3tBSS£ffi^©3o(D^as^itS-r-5 2-o© 

«iTKf3ti5©t, jg4HiiSlJr©*!0is«-Lj*b 
i <omm>jm<o d q j®§^©*&^<t utafiei ds«c 

40 

[ 0 0 3 4 ] H 3 «ff 3 ©!|jfe©ff5^©*- £8HJSP£Sg 

hie. mmm-cm-r. m3<Dmmmm<D&*&nmm 
wmmz, mucmirm^mmmmmmmiciftLx, d 

<\/a(Smm3 1 &a0/3ffl^»3 2jWWfc«Cln 
ft9. 3tB/dq^&gB8{Cttfc>-pT3tB/o!(8a&SI5 
3 3 ia/S/d q^SP3 Alfim^htxZ. 
[003 5] d q/a <3^&g|33 1 «, S4^S«i«H0P 
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/3 tB^&SB3 2 tt. «j!fi-r4*«fW!&: a /3«^E?§^ 
i(va»+va'), (v£*+ v/3 ') £3*B^IIJg^ 
(gvu* vv*. vw»tC^-T^ 0 3tB/«(8^jftg|J3 3 
tt. »««»tftffl0eR:ai-3l,»'C3fflSaiE*-*M© 
^M?j£iu. i v. i w (= - i u- i v) % a &$&<DWm. 
mi a, i a/3/dq^g(53 4«. a 

(8tt©HSSEia. i £ £ d q W©H«SE i d. i qCC^ 

[0 03 6] 31 3©HJ6©m?S©lSIHjft«^$lJ®BK-C 
12. H 1 i«H»«jlEWiaiia»© d q / d h q hg£& 
g|51 0<bdhqh/d q^&SBl 2©ftft9Kl. atf/d 
hqh^&g|S3 5 tdhqh/a(8^g[53 6*^tl^tlffl 

i a. i /3(C7 ^^^^a^ffiL-ciSPiSfiSi^aai-r 

4. a;<8/dhqhg&gf53 5 K 

i2t6ft£. atf/dhql^}£gP3 5B. (ffBK&Sftd 
hqh£WU a £ fi* i a . i flCiSPv&fi&fr^iftlia 
d h q h(D^mWL i dh, i qMC^fcf 1^111$ 
±ai/fcJ:9«:. S#jg«i*iWt3PBB&©*-r 
iu. iv. iw*$ljaiLfc«^-{C#te-rS^f 

dhqh/a/3^g|J3 6«. miSSjiKIM8PS 1 1 
*>e.jM6nr*/cdhl6i q Nfi©ig5iij£SlBi<kfiIvdh 
* vqh*£. a nmMm^mE.1^mv a \ v /S 'ic-e 

[0038] »nms i3. ub. m*mmmm®& 
a-, ve't^imh, wtmwtj: a esmm^m (v 

a*+va'). (v/3*+ v /8 ") ^rff-S. 
[003 9] a(S#1SJB^ffi ( v a*+ v 

a*). ( v/3*+v/8 •) «. a/3/3tB^^gC3 2 (C 
J: >5 3 tB^Ziic^EEfg^ffi v u*. v v*. vwlc^J ft 
m*^SI54{J. 3tB^SHfg^filvu* vv*. 
vw*{Cg-3U-C. 3tB3^iSMIIU. V. W*3tBSiJiE* 

[0 040] ff 3©mfi©^S8©-t-*SlJllPSS«:ffl^ 

fciir©*-3?mffiis^«. 0 6 icm-rmzt mmm 
[0041] <ff 4 (ommomm ±mbtcm 1 ~m3 
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[0 042] M4tem4<DmJM<DBm<D*:--i>mWgiW: 

*«:. mmmvm-r. m4 0)mm<Dmm<DM^mmm.m 
®®m>mmt, m i tc^r* i ommommcom^m 

nmm®9&<Dmi$LtmCV$>Z. 10 

[oo43]ai <Dmm<Djtm<D*-- zw@mm.tmtz 
mmmamMmKcibz. tt^n. nt4© 

m<DBt&<Dmm&mmmw®&>$:2i&ffiz.x\,>?>. 20 

© 5 *i© 1 o<Di^S jg«SK^Jffl!@gS« . 3 *B/ d q ^fc 
SP8. /W/<J* • 7 ^ Jl-£9, d q/dhlqhl^&SPl 

0 A . ®f)3$?3l?jiD$IJS)3P 1 1 *S «fc !>*d hlq hl/d q ^ 
SP 1 2 A#> tl & 5 1 o©ftH%*%ffiH9B 
SS«. 3tB/d q^&SP8. /W-rC* • 7 ;l>£9, d 

q / d h2 q hzSlS&SP 1 OB, ftS®&3ift$Jffll3B 1 1 *J J: 20 
tfdhiqhi/d q^SBl 2B^6^$ti-5 0 
[0 04 4] d q/dhlqhl^&gPl 0 At d q/dh2 
q h2^&SP 10B«, 01 JCSVi" dQ/dhq hg&SP 1 
0tm&<Di><D-e&2>. LfrL. d q/dhlqhl^&SP 

1 0 Att. d q i d. i q©iftH^^?:. •* 

- $ mmorn 5 ^wpag^^cfita < e ehi- 0 e ) icm 

Wt/rBlsTSfiSEffi** (!Ki!iSBE«%) dhiqhi© 
^miSidhl, i qhlCC^-r§fe<D-f*^ 0 $/c. dq 
/d h2q h2^&SP 1 0 BB, d q f4©|?^8SE id, i q© 

*-f^©^7^ia^^©[4ta 30 

(6>eh2-0e) (C|SJSiL.-r[5|!|£-<r (jBRffifi 
) d h2 q h2©J|^i£ i dh2. i qh2CC^^ -5 & © 

[0 045] dhlq hl/d qS&SPl 2 A <t dh2qh2/ 
dq^&3Bl 2 Btt. IlK^-rdhah/d q^&SPl 
2tlH«©fe©-e4)-5„ L/A^l/. dhlqhl/d q^&gp 
1 2 A « , d hl# t q hl#©i« IS^mBEJg^ffll v dhl* 
vqhl*?rdf6«t qm<DMm&nm%<Smv <tl' . vql' 
i><DX-$>Z. dh2qh2/d q^&SPl 

2B(i, d h2# t q h2tt©iSf$$miEJi^<ii v dh2* v 40 
qh2*4df4<!:q«|©i^il|^|E^filvd2' . vq2' IC 

[0 046] ftlffg 13. 14(t £*&«iAMffl@8 

•xmmmmmmmm-cmn l it d q wflsfju&iijBg^ 

ted qWSi@i&^JBg4Hivd2\ vq2'i?rJ)nSL, & 
i&ltt&d qfitmiBg^HI (vd*+ vdl'+vd2') . (v 
q*+ vql'+ vq2*) £W-5>„ 

[0047] msna d q mms.m%m < v d*+ v di- 50 
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+ vd2") . ( vq*+ vql'+ vq2') dq/3t@^ 

&SP3teJ:9 3ffl£«ESEE}g^ffivu* vv*. vwecg 
&3*l3. «A§Gft»4». 3ffi3K*«ES^«vu* 
w» vwHtg-5l>r, 3$B£.ffi,Mf£V, V, W£3tB 

[0048] m4<Dmm<D&m<o*:- zwrnsaucxti 
«. ±& l fcut 1 ~ jg 3 (Dmm<omm<Dt - nmsmm 
b$ %<£*~zi&WL(£^£ftzigimi&ft. mem 
s&tmwp&t Ltcmmms&ftz&m-?z>ct& 

[0049] »4©|Q60JgJB©* - *3HjfflJ^g 

©J&«©* - #8«iSg©S!8$8iiJi3P@SS£ 2 £ 

$IJffl)^g©i«Pjg*lJffl)|iIiES* 2 it^Ci 
*>r^s. »4©Hj6©^Sg-c«, -=e-*«^(c 

ts*ti&itm&wA<D'}i9> m^xtmi^xoymwsM 
ft&ZHxD-c. m5&nMffl£fttm7x&mmm* 
m&Tzm^LfcHK <&mtMtttj:&mM&<D'Xmi 

©2 -p©^©iSiBjefiS^***fcfi«-r sm^o fc 

3r>UA L <D&mmfcft*&&-tZ>Ztb-CZZ>. C 

[005 0 ] «95 ©Hfifi©^SS» 0 9 B. 95 ©^JS 
m l (C7K-rtssi(^ii^^s«:^br«ig-©W^# 
m&mm&ic^xizm 1 (c^-r® 1 <Dmm<DBmt<® 

[oo5i] m5<Dmn<Dmm<D*:~$fflfflgKifi, a 

aSSTSJ, f\4r*X • y -< )VZQ^m^^X d qlA©H 
m?S i d, i q©igtB-i&J&#£t&mLTt>£*S, 95©H 
^©^©^-^Sllffll^g-CB. i«liigm?a^/±lg|55 0 

5 0«. d q fft©m^^fii i d* i q*SC*f-T •SmffiiC 
Sfflfc^JU ^S'JUfc^tESfiti 3ffl/d q 
8-C^ftL/cd qWS8£i d, i qi^rffll^r d q 
i d, i q©^i)Sl<gfiS^?r^tb-r-S. C©^5:E 1 0 4 

[0 052II10B, igP$1IijS£#5mgP5 0<Dm&* 

svr^d ^ t>m-c$,z>. mftn&§¥ffl%H5 1 «. dqi 
©ms^i^ffi i d» i q^sswswsfcjE^r^aiia i d_ 

i, iq_i ^ta^T^e^M^G (s) sw-fs. a* 

2 "Ctf ^«St«l«*«it«P I *M)PK:-CtT 
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5*§itf, mi hctxtx'hc* &mmmG ( S ) zi-x 

£©*§£. B-^X '7^W5 1 a©B$SSfcW:. 

[0 05 3] m^rES^S'JgP5 lttdq N©WttftHifi 
id* i q*£A;>J 1/ > WitfB-^"X7-f;l'$5 1 a4 

id_i. i q_i *#*-agt£g5 2, 5 3 t,cmt)-?2>. 
tm%s 5 2 B, d #© HSift i d*> 6 d 
S'Jffi i d_ i Dr. d W^SSCD^iBjgfiS^ i d_h£* 

©^ssic.s^S'jfii i q_ i d r . q unmonm&m 

ft i q_lv&5j<i5t>-2>„ &*S. d q#©^tSSJi^ffl id* i q 

a*jgSS£*(It3PS|5 2 ©{if B*^ • f A >#14 <t « L t » . 
»2|cjgSSS*IJfflIg|52*sp I HnUgW<DM0P«ff 5 

[ 0 0 5 4 ] 0 1 tC^-JvWX* • y -< 9£fflt>T 
^bo/cimca;^it^©^b##;W^-.* • ^ 

n£3tB3»*!B!^fiivu* vv*. vwCcfc»|fe&i^ 

*b^£B#r4>igIia&fK# i d_h. i qJit;&*i0Bife©g 
<b#£^trC ffc*)^ d qNOWeB^ff 

i d* i q*a^t3" -5 iSftsFfcg'PiB'Jfii i d_ i , i q_ i 
6X4frrSO-C. «#S5 2, 5 3 tWUCSTOM© 

ifc©^b#«$*ftfc<.>„ 

[0 05 51 11 3-117 ?:ffll,>T, IP 1 ©^]&&©7f5 
fig©-*- ^©Jffl^g^m^rix 3 ^ U-Sx 3 >?r?f 
<t & ©fflWtfeU £0 5 ©SOiOJB*©* - * $IJ®)3!Sg£ 

«rr£. @13B, dtt«tt&^ffi& q^mSSJi^ffi© 

B#r B iSfb?:^-r0-c*>-2) <> ii4«, ei 3tc^-rmffi 
tg^ffli^q W©«iSiSS^*^m L>tc t %<D&m-e 

&£. iRJ«l©xy-;U«. -6 0 [A]~150 [A] 
[00561 H15B, il3 {C^T«SSE*i^ffl{C*f I, 
Xtr-Mt. -20 [A]-20 [A] rfci. 

< b# * tit t, > & t, > c £ s . MWiKS%lg^ffi 
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idh = 0. i qh = 0 t Lfcigf©, 0 1 3iCfjk?^$L 

is%wcmritssa^m ie. mn icm-r. m 1 6 
6 -s <t ^ k. . mi <Dmw<omm<D^ - # 

U M5©IUi©^^©*-3f©Jffl^S(cj:4*iJ©-c 
tt. d#m^©^Ki*sffli^6n'r. SiJSPfBffj&srnJiLT 

[0057111 7«, 01 6©— gP^teAL/cS-C* 
*(l»»K{c«fc4Wffll|Sfti. ^5©j|«6©^©*-$ 
(c, 05 ©sat©jg»©*-*«ffl«ii!«: J:4M»©* 

*s. m^fi^fficc^-r s q Htt%©j£^©tti0fitK#i 

t6]±L'-r(,^ <) _h^G/cJ:-5K:. 0l©H)!te©Jf^©* 
- ^ ©JffliSlgCC J: ZfflWC »*i^S^©^b^*^ 

20 tta*jgSSi£*5^Sn%U©-C. d q«mijfe©ilJfflIifilS 

[0 05 8] *5©Hifc©«»©*-*wtai*6iB'rffli,» 

6nfcB-AX - 7 ■iiX'Z'b 1 a©B#^«. 
«5Wliai3P2©NF^4^U^@5S©ii-C*S, 
m^pJ^i-r^Cit-C^S. *BR©ftU»(C*ll»rtt. 

*-fM©«6t«iaStc«t-,r^bU. -f>^f^>x 

»^b-T4. C©«^. «FS»*HSALfc-*«i* 

30 D-5>o C©^M^}£li^.^fc«)K > a-;sx • ;U£5 
1 a^SM^iLt. H5iS^S^L©^aiffiffi*[S] 

[ 0 0 5 9 ] i 1 2 (i, U—J-iZ ■ 7 -oVZb 1 a©Bf 
S^t^pJ^i U/cBflBjg«SK«iaiS55 0 A©*»)&£^-r 
^ay^ia-Cft-S. ^j@Sf-^5 4«, 
^■tlid* i qHCJESC-rawJ;* • 7 -f Jb£5 1 a A© 
«9E»*»3&r«fca>©'f— ^;Ut?*4. SiiSJg^ffli 
d* i q'ia-rtX • 7 a )12 5 1 a A©B$^i©M 

40 £5 1 a Ate, B$e&?— ^5 4 0 ^6n^B# 
!@»i£lUT7^»Sm», mS£lCt>S?aiJ<ii i d_ 

i. iq_i *«»S5 2, 5 stc^n-entti^-r-s,, 
[0060] ^scuifeoff^o^-^siiffli^gKjcn 
«. «*««»3W£^uyt^p-cfe. »*««i*©X<b» 

* i qHct&Ora-^-x • y -< )\>% 5 1 a A©B#^ifc 
50 [0 06 1 ] ttJS, l^5g»f— ^l/5 4«C»ttSti4 0 
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->^X • 7 4)1*5 1 a A©f$Sifc£. SfiSEfg^ffii d 
*, iq*t?«&<. dqttHi&id. i qfClt.C^fiii-r 

[0062] est 6 (ommmm} m 5 ©**6©j$8© 
*- *MflaaK». m i ©5H6©jb«©* - a>Maaijs 

(cfcWS/W^X ■ ? 4 ^£9£iSiSj!S^«£tfcttiSS5 o 
£«***. TflWStyTC**. *6©»B©JB»©*-* 

■ 7 ^JU#0«KHtt«mMUW5 0 Big 

^js^tMsni.. stc v iKnis«%Kttias5 obk io 

WftJB^HB i u*. i v**AM*4fc«>K:. dq/3tl^ 
JftW5 5*«AT:i».6. SI6 ©£*©**©*- 
&g©# fiK^rH 1 8 KSVT. 
[ 0 0 6 3 ] m 1 9 », AWfi*iftKU95 0B©«« 

StlfcSifcJg^ffi i u* i v*tt. P-AX • 7 -< ;U£ 5 
1 a BfclATJSftS. A7j3*ifc*i£tNHI i u* i v* 
«, o-/sx • 7 ^ ;l/£5 1 a ^ ;l/£*!Mi#st63 
ft-c^sfnjfcg^i'jfii i u_ i , iv_i ^a^^n-s. 

u fflmSS ii*6u tB^ifttSg^SiHB i u_ i 20 
fit i v_i *SGt, vtBmiS©iglSiSfS» i v_h£5&t> 

s. i u_h. i vji5i^-n^n 3 ta/ d 

[0 06 4] ztc. mbcommmmtmmc. p-^- 

•5. 02 0 5*. P-m'x • 7 -< 1 a B©B$3e$(£ 

LA:n9lie«%ttHlff 5 0 COfliJKfc^Tr^P ? 
^0-C*^ o B$^f--^l/5 4C(C(3:. utSHj&JI^ 30 
fil i u* V*f®ft}i4HI i vHc^tto-rsp-^-x • 7 ^ 
JU£5 1 aC©^^t» 3 *gffi3nrc^„ P-/-CX • 7 
4)\>2b 1 aCW^^oMi-r-SCitCtO. 1115 
©H86©je!8rn-/-cx • 7^;u^5 1 a A©^^ 

W5 1a C©B$S$fc*. ®SE}g^fii i u* i v*-C«£ 

<. utam^iu, vtasi^i vicj^DSfii.t^-scife 
[0065H6 <Dm&(DBm<D*- 5>ftm%mtc <t n 40 

tf. fli5 ©3ftfe©7f^©^- £*WHg<i 

[0066] «s 7 ©*»©*$*» m2 1 ». m7©^ 
Sfe©^©*--^ftiJiBiiia©*R£*^-ria-cAs. is 7 
<z^«i©»«© *itm&m*. m 3 ©3sts©?&«© 

^-^ftfiSPSIgtcfotfS'W^x • 7 .* ju*9*i«M![ 
mffi^W8P5 0D£g*^^.rl«fiK$*iSo £/c. s&i® 
ttttiftttttft 5 0 D tcmSiiJg^fii i a * i <8 ATJ-T 
S/cibCC. dq /a (8^955 6 «:fii^T 
[0 067]§22«, ffiffi|g*i&t*tt]V5 0 D©flffiX 50 
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§^O^IT*S„ d q /a (3^355 6tfft 
£ft/c®&}g<Sfif i a* i (8*». P-^x • 7 jfrZ 
5 1 aD&cA*$tt£. A#<*ttfcSflSJ§4HBi a* 

jWteSnrflBftjfcS^aMfi i a_i , i i3_i 

li a_i %if£CX. att^jj£©lgpig?^ i ajv£3£ 

IfcSTOMfi i <3 _ i * « D T . /3 Wms£©iSli^eX^ i 

-?tia/3/dhqf^^g|53 5CcHl*$n-5.„ 
[0 06 8 ] n-^'X • 7 jfrfb 1 aDOBtS^nl 

|SJSr*-5>„ i23B, P--»^X • V 1 aD© 

B#^^pJ^i Ofcftgtift«2!fc1*tb95 0 E©«fiK4^ 
I'T'af i'STibS,, H$Sit7-^I'5 4EK« < alii 
S^fg^fil i a * (8 lAS^g^fit i /3 *tcftm-? 4n- 

-^X >7^^51 aE©B$^?rpJ^£-rS^m 

Jg5, I6Oli<0fS-CO-A^ • 7 1 
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